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Description 

NOVEL GTP BINDING PROTEIN AND METHOD FOR PRODUCTION THEREOF 



5 BACKGROUND OF THE INVENTION 



1. Field of the Invention 

The present Invention concerns a novel GTP binding protein (Smg p21) which gives an Inhibitory effect on 
10 ras oncogene products, and a method for producing said protein by utilizing recombinant DNA technology. 

2. The Prior Art 

Each of ceils constituting an Incfividual mammal piay Its own role In such a fashion that the cell always 
receives extracellular Information or stimulation, and responses thereto. 

16 An information conversbn unit on a cell membrane for receivihg Information given to each of cells by 
so-called primary Information-transmitting substance consists of three kinds of protefns. i.e.. a receptor, a 
transducer and an effector. QTP (guanosine-5-triphosphate) bincfing protein (hereinafter referred to as "Q 
protein") functions as the traneducer among them. That Is. when the receptor receives primaiy Information 
from outside of a cell. It acts on an Inactive QDP-G protein, by which the QDP bonded to Q protein Is converted 

20 Into GTP to fonm an active QTP-Q protein. Then the active GTP-G protein gives an effect on the effector and 
tnfonnatlon (secondary information) Is transmitted from the effector to the Inside of the cell. 

For the G protein, there have been known, for axample, functions of high moleouiar weight Q protein 
(molecular weight of about 40,000) consisting of various proteins (eubunits). Recently, the presence of tow 
molecular weight G protein has been revealed. 

25 There are present at least 15 kinds of the low molecular weight G proteins, i.e., G proteins with molecular 
weight of from 20,000 to 25,000. The present Inventors have previously succeeded In purifying G protein with 
molecular weight of 24,000 (Smg p25A) and G protein with molecular weight of 22.000 (Smg p21 : 22 K dalton) 
as single protein In SDS-PAGE and reported details for the G protein of Smg p25A (refer to Experimental 
Medicine, vol. 6. No. 6, p 34 - 4Z. 1985 : Journal of the Bioio^l Chemistry, 263. p 2897 - 2904. 1988). 

30 However, the structure and function of such G proteins have not yet"Eeen revealed in detail. 

Furthermore, Smg p21 can be purified only by an amount of about several tens of micrograms by using a 
conventional methodology in protein chemistry. Accordingly, it has been difficult to use them In a great amount 
for the pharmaceutteai test such as of anti-cancer agents. Further. It has still been considered Impossible to 
Introduce artificial mutation, thereby preparing Smg p21 variant protein with a high anti-ras activity. 

35 

SUMMARY OF THE IMVENTIOIM 
In order to determine or clarify the entire structure and the function of the Q protein with molecular weight of 

22,000. the present inventora have succeeded for the first time In obtainng the G protein with molecular weight 

of 22.000 In a great amount as a single molecule species by purifying saki G protein, determining Its partial 
40 amino acid sequence to prepare a probe, cloning cDNA of said G protein from a cDr*iA Ubrery of G proteins, 

determining the base sequence thereof and constructing an expression vector containing said cDNA. 
That is, an object of the present Invention lies In providing a GTP binding protein containing the following 

amino acid sequence, with a molecular weight of about 22 K dalton and having QTP binding activity and GTP 

hydrolyzing activity In which the QTP binding activity is inhibited by N-ethylmaieimlde: 
45 Thr-Ile-Gfu-Asp-Ser-Tyr, especially, a QTP binding protein represented by the amino acid sequence shown in 

Fig- 1. 

A further object of the present invention is to provide a method for the production of Smg p21, which 
comprises introducing a DNA fragment containing DNA that encodes the GTP binding protein into a Cloning 
site present at the downstream to a promoter of an expression vector, then Introducing the expression vector 
60 thus constructed Into a host, culturing the host, thereby expressing and accumulating the GTP binding protein 
and then collecting thereof. 

The present Invention is to be desoribed more specifically. 

DETAILED DESCRIPTION OF THE INVENTION 
55 The G protein in accordance with the present invention is present in cytoplasmic membranes of mammalian 

cells. 

For Instance, G protein with molecular weight of about 22 K dalton can be purified by pulverizing bovine 
brain to obtain a fraction of cell membrane, extracting a crude membrane fraction with sodium chelate, and 
then succesively subjecting it to Uftrogei AcA-44 (manufactured by U<B Co.) column chromatography, 
60 phenyl-Sepharase CL-40 {manufactured by Pharmacia LKB Co.) column chromatography, hydroxyapatite 
(manufactured by 6eii<agaku Kogyo Co.) column chromatography, Mono Q HR 5/5 (manufactured by 
Phanmacia LKB Co.) column chromatography. Mono S HR 6/5 (manufactured by Pharmacia LKB Co.) column 
chromatography and then again to iWono Q HR 5/5 column chromatography, as shown In EXAMPLE to be 



2 



EP 0346 187 A2 

described later. 

The G protein thus purified has GTP binding activity and OTP hydrolyzing aotMty. Although the OTP binding 
actMty may be Inhibtted by t4-ethylmalelmlda, the presenoe of dithiothreltol would block such Inhibition, 

Further, the Q protein of the present Invention shows no cross reaction with an anti-ARF (ADP-rlb6sylatloh 
Factor) polyclonal antibody and an anthraa p21 monoclonal antibody. 5 

According to the present Invention, the partial amino add sequence of said purified G protein is determined 
to prepare a probe and CDMA of said G protein is cloned from the CDMA library prepared from the entire poly A 
RNA by a conventional method. 

From the cloned CDNA, a DNA fragment that encodes the G proteirr with molecular weight of atTOUt 22 K 
dalton is obtained to determine Its base sequence (Fig. 3). io 

It has been found from the base sequence that the G protein according to the present invention is a protein 
comprising 184 amino add residues. Further, the Q protein according to the present Invention has about.770/o 
homdogy with ras protein for 44 amino acid residues at N-termlnais and about 63tVb homoloty for the entire 
portion. And it has been found that they share a region of the same sequence at 35 - 40 (Thr-lte-Glu«Asp-Ser- 
Tyr) In which region ras protein Is assumed to act with the effector. is 

The method for the production of the G protein according to the present invention Is to be explained. 

The.DNA fragment which may be used in the present Invention includes, In adcfitton to DNA represented in 
Fig. 3, many derivatives in which a portion of Its base sequence may be replaced or deleted or other base may 
be added In the base sequence, so long as the substance encoded by DMA contained In the DNA fragment has 
the same physiological activity as Smg p21 . For Instance, there may be mentioned the DNA that encodes the 20 
amino add sequence shovm In Rg. 1 in which the I2th Gly is substituted with Val, the 3ath Asp is substituted 
with Ala and the 40th Tyr Is substituted with Lys. 

In addition, various amino add replacements may be included In the amino add sequence of the G protein 
according to the present invention, which are summarized In TABLE 1 below. 

2B 

TABLE 1 




Original Residue 


Representative 
Substituent Reslckje 


Ala 


Ser 


Arg 


Lys 


Asn 


Gin. His 


Asp 


Glu 


Cys 


Ser 


Gin 


Asn 


Qlu 


Asp 


Gly 


Pro 


His 


Asn, Gin 


lis 


Leu, Val 


Leu 


lie, Val 


Lys 


Arg, Gin. Glu 


Met 


Leu, He 


Phe 


Met Leu, Tyr 


Ser 


Thr 


Thr 


Ser 


Trp 


Tyr 


TVr 


Trp, Phe 


Val 


lie. Lxu 



The above DNAS which encode the modified G protein according to the present invention may be prepared 
by a known method such as site-specific mutation usig a synthetic oligonucleotide or by a conventional 
method of ligating a restriction fragment and synthetic one. SS 

The expression vector in the present Invention contains a promoter at a suitable position so that it may 
regulate tranacription of the DNA that encodes Smg p21 obtained as described above. 

Any promoter may be used so long as it can express Smg p21 'In a host a controllable promoter being 
further preferred. 

For Instance, when using as ttie host microorggmisms such as Escherichia coll and Bacillus subtPls . the 60 
expression vector preferably comprises promoter, ribosome bindiong sequence. Smg p21 gene, transcription 
termination factor and a gene for controlling the promoter. 

As the promoter, there can be mentioned those derived from Escherichia cdl , phage, etc., for example, 
triptophan synthetase operon (irg). lactose operon (lac), lipoprotein (Ipp) . rec A, lambda phage, Pl, Pr and T5 
earty gene Pgg. P^e promoters. They may be chemically synthesized. Further, hybrid promotere such as of tac 615 
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( trp : jac), trc (trg : ^) £ac (phage : Espherichia coll), may also be used. 

As the ribosome binding sequence, those derived from Escherichia coH and phage may be used, but those 
having consensus sequence synthetically prepared, for example, those having a sequence such as 

^ , tAGGAj SGTTTAA 
SD sequence 
are preferred. 

10 Although the Smg p21 gene may be used as It Is, those lacking an unnecessary DMA sequence (non-coding 
region) by site-specific mutation (BIO TECHNOLOGY, July, p 636 - 639 (1984)) and the (Ike are preferred. 

Although the treuiscription termlnatton factor Is not always necessajv« it is preferred for the expression 
vector to have p-independent one, for example, Ige terminator, trg t>peron terminator, terminator of ribosome 
RIMA gene. 

IS Further, usual plasmkls may be used for the expression vector of the present invention. Plasmlds which may 
provide a multiple copy In Escherichia coil or Bacillus subtilis. for example, those cferlved from pBR 322 or pUB 
110 plasmid may preferably be used. 

Further, for the sequence order on the expression plasmid, of these tctors necessary for the expression, It 
is desired that they are arranged in the order of promoter, SD sequence, Smg p21 gene, structural gene and 

SO transcription termination f^or from the upstream at 5' end. There Is no particular restriction for the order of 
the repressor gene required for the control of transcrtptlon, marker gene drug resistance gene, etc.). Initiation 
site of the plasmki replication and tiw like. Further, the transcription efficiency can be increased by arranging 
in tandem and llgating a connected sequence of SD and Smg p21 gene to the downstream of the promoter. As 
a result. Improvement In the yield and quality of the produced protein can be expected. 

25 For transformation of the host, usual methods may be used, for example, a method as decrlbed in Molecular 
Cloning, p 250 - 253. (1982) for Escherichia coil and methods as described in Molecular General Genetics. 168. 
p 105 - 115 (1979) and in Proceeding National Academy of Science, U.Sj^.,44, p 1072- 1078 (195B) for Bacillus 
subtHis. 

For a method of cutturing atransformant, those culture media capable of conducting usual culture both for 
30 Escherichia coll and Baciifus subtllis (Molecular aoning, p 68- 73 (1972)) may be used. The culture may be 
conducted at a temperature from 15 to and, preferably, within a range causing no induction of the 
expression of heat shock protein and the like (15 -26°C). 

In eucaryolic cells such as, for example, animal cells, the following conditions are preferred. 

Preferred promoters include SV40 early promotor, SV40 late promoter, promoter of apollprotern E gene, 
a? promoter of apoliprotein A-l gene, promoter of heat shock gene (Proceeding National Academy of Science, 
U.S.A.) 78. p 7038 - 7042 (1981)), promoter of metallothlonein gene Proceeding National Academy Science, 
U.S.A., 77, p 8611 -6516. (1980)), HSVTK promoter, promoter of adenovirus (Ad 2 major late promoter (Ad 
2MLP promoter)), LTR (long Terminal Repeat) of retrovirus, etc., the SV40 promoter and the metallothlonein 
gene promoter being particularly preferred. 
40 The expression vector may contain a splice sequence DNA consisting of 5' splice site (5' splice junction 
doner site). Intron and 3' splice sits (3* splice Junction acceptor site), and Intron, In which a common base 
sequence has been found at exon-^intron Junction site and the periphery of such Junction site, that is, a 
so-cailed QT/AQ rule has been established that the intron region always begins with 2 base (at donor site) of 
GT and ends with 2 base (at acceptor site) of AG. 
4S One or more of such splice sequence DNA may be present in the expression vector and liiey may be located 
either to the upstream or downstream of Smg p21 gene. 

As specific examples of the splice sequence DNA, there can be mentioned those splice sequence DNA 
present in axson 2 and exson 3 of rabbit p-globin gene (Science, 26, p 339 (1979)) and promoter, exson 1, 2 
and 3 of metallothionein gene and mouse metallothionein-1 gene containing Introns A and B (Proceeding. 
60 National Academy of Science. U.S.A.. 77, 6513, (1980)). Further, 5' and 3' splice sites are not necessarily 
derived from an Identical gene, but a sequence In which 5' splice site contained In adenovirus DNA and 3' 
splice site derived from Ig variable region gene are ligated together may be alternatively used for Instance. 

The expression vector In the present Invention may further contain a polyadenylatlon site. The 
polyadenylallon site is present downstream of Smg p21 gene. As specific examples of the polyadenylatlon site. 

65 those derived from SV40 DNA, p-globin gene or methallothfonein gene may be mentioned. Further, the 
polyadenylatlon site may be prepHared by llgating polyadenylatlon sites of P-giobin gene and SV40 DNA 
together. 

The expression vector In the present Invention may have a dominant selective marker allowing the selection 
of transformant. If there Is no selective marker in the expression vector, the transformed animal cells of the 
60 present invention can be selected by ootransformatlon. 

As for the selective marker, there can be mentioned DHFR gene giving MTX (methotrexate) resistance, tk 
gene of herpes sfrnpiex virus (HSV) allowing the selection of a transformed tk" strain In HAT medium, 
aminoglycoside 3'-pho6phor transferase gene from transposon Tn5 of Escherichia coii providing resistance to 
3'-deoxystreptamlne antibiotic G418, bovine papillomavirus gene enabling morphological distinction by piled 

66 up growth, agrt gene, etc. 
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For fielecting animal cells transformed vAth the expresalon vector In the present invention by the 
cotransformation method, the transformed cbIIb can be selected by transforming anima) cells with a plasmid 
containing the setectlva marker gene together with the expression vector and selecting the transformed cells 
based on phenotypes which have appeared tsy the expression of the selective marker. 

It Is advantageous If the expression vector contains plasmid fractions having a replication origin derived 5 
from cells such as Escherichia coll , since it may be cloned In bacteria. pBR 322, pBH 327, pML and the like may 
be mentioned as examples for such plasmid vector. 

As the specific examples of plasmid vectors used for the expression vector In the present invention, there 
can be mentioned pKCR containing SV40 early promoter, splice sequence DMA derived from rabbit p-globln 
gene, polyadenylation site from rabbit globin gene, polyadenylatlon site from SV40 early region aruj replication 10 
origin from pBR 322 and amplcdin resistance gene (Proceeding National Academy of Science, U.SA.. TO, p 
1528 (1981 )), pKCR H2 In which the pBR3^ In pKCR Is substituted with pBR327 site and Eco Rl site present in 
exon 3 of rabbit p-globfn gene Is replaced by Hindlll site (Nature, 307, p 605). pBPVMTI containing BPV gene 
and metallothlonein gene (Proceeding National Academy of Science. U.S.A.. 80. p 398 (1983)). etc. 

As animal cells to be transformed with the expression vector, there can be mentioned CHO cells. COS cells, 15 
mouse L cells, mouse CI 27 cells, mouse FM3A cells, etc. 

The expression vector of the present Invention may be introduced into the animal cells, most generally, by 
way of transfectlon. micro Injection. Ca-P04 method (Virology, 52, p 456 - 467 (1973)). 

Culture of the transformed animal ceils may be carried out by a conventional method such as in suspension 
culture medium or fixed culture medium. 20 

As the culture medium, MEM, RPMI 1640 and the like may be generally used. 

The protein thus produced can be separated and purified !n the same manner as that used with transformed 
microorganisms. 

As has been described above, since the DNA of the present G protein with molecular weight of at>out 22 K 
dalton has extremely high homology (55 Wo) with an oncogene ras. there Is a possibility that tfiey may act the 25 
same effector. Accordingly. It Is considered that the Q protein according to the present Invention may control 
an oncogene product protein RAS directly or Indirectly, and may be expected to act as an inhibitor against 
oncogenic effect of RAS. 

DESCRIPTION OF THE DRAWINGS 30 

Rg. 1 illustrates an example of an amino acid sequence for the G protein (Smg p21) according to the 
present invention. 

Rg. 2 shows an elutlon pattern In Mono Q HR 5/5 column chromatography (the second time) in 
EXAIVIPLE1. 3S 

Fig. 3 illustrates a base sequence of the cloned cDNAforthe G protein in EXAMPLE 1. 

Fig. 4 represents a schema showing the preparation steps of plasmid pSimg 21-1 and pSmg 21-2 In 
EXAMPLE 2. 

Rg. 6 represents a schema showing the preparation steps of plasmid pSmg 21-3 and pSmg 21-4 in 
EXAMPLES. 40 

Fig. 6 represents an outline for the structure of the expression vector pKCR Smg 21 prepared in 
EXAMPLE 4. 

The present Invention is to be described more in details retiring to EXAMPLES but it should be noted that 
the present Invention is not restricted only thereto unless they does not exceed the scope thereof. 



EXAMPLE 1 



45 



(1) Purification of G Protein with Molecular Weight of 22.000 (Smg p21) (refer to Table 2) 

(a) Crude G protein with molecular weight (relative molecular weight : Mr) of 20,000 to 25.000 was obtained 

In accordance with the method of KilcuchI, et al. (Journal of the Biological Chemistry. 263, p 2897 - 2904, 1 939) . 50 

Specifically, a crude membrane fraction was extracted with sodium chelate from bovine brain, and the 
fraction was fractionated on Ultrogel AcA-33 column chromatography to separate and obtain a fraction at the 
second peak among two peaks showing GTP binding activity. The fraction thus obtained was purlfled on 
phenyl Sepharose CL-4B column chromatography and then further fractionated on hydroxyapatlte column 
chromatography to separate and obtain a fraction at the first peak. Then, the first peak fraction was ss 
fractionated on Mono Q HR 5/5 column chromatography and the fraction at the first peak was separated and 
collected to obtain a crude G protein with Mr of 20,000-25,000. 

(b) The crude G protein obt«dned In (a) above was subjected to Mono S HR 5/5 column chromatography 
equilibrated with a buffer solution of 50 mM sodium acetate (pH, 6.0) containing 1 mM EDTA, -ImM 
dlthlothreitol. 5 mM magnesium chloride and 0.6 Ofy CHAPS (3- [(3-cholamidopropyl) dlmethylammonio]-1 -pro- 60 
pane sulfonate). After washing with 5 ml of the same buffer solution, it was eluted out by the same buffer 
solution (20 ml) with a concentration gradient of sodium chloride (0 - 1 ,0 M). Elutlon was carrted out at a flow 

rate of 0.5 ml/min and eluate was fractionated into 0.6 ml each. When the DTP binding activity was examined for 
each of the fractions, four peaks were observed. Among them, the fourth peak (50-68 fractions) was 
collected, diluted ten times with a buffer solution of 20 mM trfs-hydrochloric acid (pH, 9.0) containing 1 mM 65 
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EDTA. 1 mM dithlothreltol, 5 mM magnesium chloride and 0.5 <Vo sodium cholate. and subjected to Mono Q HR 
5/5 column chromatography equilibrated with Ihe same buffer solution. After washing with 5 ml of the same 
buffer solution, H was eluted out by the same buffer solution 20 ml) with a concentration gradient of sodium 
chloride [0 - 0,4 M). Elution was conducted out at a flow rate of 0.5 ml/min and eluate was fractionated eacti by 
5 0.5 ml. The elutibn pattern Is shown In Fig. 2. When fractions with fraction numbers of 10 - 20 were collected 
and subjected to SDS-poIyacrytamide (8-16 Wo) gel electrophoresis, they showed a single band for about 22 
K datton of molecular weight. Thus, purified G protein (Smg p21) was obtained. Various propertied of the Q 
protein (Smg p21) are as shown In TABLE 3. 

10 TABLE 2 



IS 



20 



25 



Purification 




Total Protein 


Total QTP 


Specif loAotMty 


. Yield 


Step 






Binding Activity 








ml 


m) 


nmol 


nmol/nxi 




Sodium Cholate 


95 


858 


484 


0.56 


100 


Extraction 












UltrogelAoA-44 


200 


90 


223 


2.5 


46 


(second peak) 












Phenyl 


120 


32 


142 


4.4 


29 


Sepharose 












CL^B 












Hydroxyapatite 


240 


6.8 


51 


7.5 


11 


(first peak) 












MonoOHR5/5 


8 


0.95 


10 


11 


21 


(first peak) 












Mono SHR 5/5 


9^ 


0.23 


4.6 


20 


0.95 


(fourth peakl 












Mono QHR 5/5 


5^ 


0.011 


0.36 


33 


0.074 


(second time) 












(first peak) 
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TABLE 3 



G Protein 



Mr 


22.000 


Kd of QTP Binding 


30 ± 6 


Activity (nM) 




GTP Hydrolyzing 


0.005 + 0.002 


Activity (number of 




turnovers, mm"^} 




Effect of 


inhibited 


N-ethylmalelmlde on 




GTP Binding Activity 




Cross Reaction with 


none 


Antl-ARF Polyclonal 




Antibody 




Cross Reation with 


none 


Antl^RAS P21 




Monoclonal Antibody 





(2) Determlnatfon of the Amino Add Sequence of G Protein (Smg p21) 

60 (a) Preparation of probe 

After desalting 25 of the purified Q protein (Smg p21) obtained in (1) above on Sephadex G-25 
chromatography, It was subjected to YMC pack AP-802 04 column chromatography equilibrated with 0.1 <W3 
trifluoroacetic acid. Then, It was eluted out with 40 ml of 0.1 % trifluorcaoetio ackl having a concentration 
gradient of acetonitrlle/2-propanol (3/7) of f^om 0 to 100 at a flow rate of 1 ml/2 min. The G protein In the 

es resultant fractions was digested v^th Achromobacter iytlcus protease I, which was fractionated on Bakerfoond 
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WP Oc-'tyl column chromatography. The determination of the amino acid sequence for one of said fractions by 
a gas phase sequencer (Modal 470A, manufactured by Applied Biosystems Co.) has revealed that a peptide 
contained therein has 18 amino aolds as shown below. 
Asn-Gly^bi-Gly-Phe-Aia-Leu-Val-Tyr-Ser-llB-Thr-Ala-QIn-Ser-Thr-Phe-Aen 

Subsequently, an oligonucleotide mixture of the following base sequences was chemically synthesized as a 6 
probe based on the sequence : Asn-Gly-Gln-Gly-Phe-Ala (Model 380A, manufactured by Applied Biosystems 
Co.). 

A A C A A 

5 ' -GCGAAGCCTTGGCCGTT-3 ' 10 
C C 
T T 

Then, the 6' terminal of the resulting probe was labelled with 32p by using T4 polynucfeotideklnase IS 
(manufactured by TOYOBO CO., LTD.) and y-^^P-ATP. 

(b) Preparation of Q protein (Smg p21) CDNA 

RNAs Slaving poly(A) were prepared as described below from bovine cerebrum k>y guanlzine 
thiocyanate-ilthlum chloride method (Cathaia, et ai. DNA, 2, p 329, 1933), 20 

Specifloally, 5 g of bovine cerebrum was directly frozen In liquid nitrogen, which was ther^ charged together 
with liquid nitrogen Into a whirling blender and puh^erized for 2 ntin at 3,00Q rpm. The resulting powder was 
further pulverized and soiubiiized fn 100 ml of a solution comprislng-6 M guanlzine thiocyanate; 10 mM EDTA. 
50 mM tris-hydrochloric acid (pH 7) and 8 Vo (V/V) p-mercaptoethanol, using a teflon homogenlzer (5 rpm). 20 
mi of the soiubiiized material was quietly placed on 10 ml of a 57 M cesium chloride solution in a centrifuge 25 
tube, centrlfuged at 27,000 rpm for 20 hours by Hrtachi RPS28-2 rotor and then RNAs were recovered as 
precipitates. ITie RNA precipitates were dissolved in 10 ml of a solution comprising 0.1 0/6 sodium lauryl 
sulfate, 1 mM EDTA and 10 mM tris-hydrochloric acid (pH 7.5), extracted with phenol-chloroform and then 
recovered by ethanol precipitation. About 3.95 mg of the resultant RNA was dissolved In 1 ml. of a solution 
comprising 10 mM of tris-hydrochlorlo aold (pH. 8.0) and 1 mM EDTA» Incubated at 65^C for 5 min and mixed 30 
with 0.1 ml of 5 M sodium chloride. The mixture was subjected toollgo (dT) cellulose-column chromatography 
(column volume of 0,5 ml) (manufactured by P-L Biochemical Ca.}. 

mRNA having en adsorbed poly (A) %yae eluted out with a solution comprielng. 1 0 mM trla^ydrochloric acid 
(pH. 7.5) and 1 mM EDTA to obtain about 10O ^g of mRNA having poly (A). 

By using about 6 ^g of the poly(A) mRNA thus obtained, a library off bovine brain cDNA (Xgt 10 vector) was 35 
prepared In accordance with the method as described In a manual of Amersham Co. "cDlslA Synthesis 
System", p 13 -21 and "cDNA Cloning System Xgt 10". p 11 - 28. From the resulting cDNA library, a plaque 
hybridized with the labelled probe obtained in (a) above on a nitrocellulose filter (manufactured by S & S Co.) 
was detected by the method of D IHanahan, et al (Methods In Enzymology, 100. p333 - 342, 1983) tq obtain 1 
clone of Xgt 10 hage integrated with the cDNA coding for the G protein (Smg p21). 40 

The resulting phage DNA was digested with Eco Rl to obtain about 2 Kb of Eco Rl fragment, which was 
Inserted into an Eco Rl site of plasmid pUC 19 (Qene, 33,34, p 1 03 -1 19, 1986) to clone DNA ttiat encodes the G 
protein (Smg p21). The resultant plaamid was defined as pSmg 21. The base sequence of the thus obtained 
DNA was detennlned by the dideoxy method of Sanger, et al (Proceeding of the National Academy of Science, 
U.S.A., 74. p 5463 - 5467, 1977). The results are shown in Fig. 3. 45 

From the base sequence described above, it was found that the G protein (Smg p21) the entire amino acid 
sequence as shown in Fig. 1. 



SO 



EXAMPLE 2 

A : Preparation of Expression Vector and Transformant 
1) Mutation at N terminal 

(1) pSmg 21 was treated bythe method as described in the catalogue of TakaraShuzo Co. In 1986 (p 82 55 
. and 89) to obtain 10 ng of a single strand DNA. 

(2) A primer of the following portion to be used for mutation was synthesized in a DNA synthesizer 
(Applied Biosystem Model 380A. manufactured by NikkakI Co.). The synthesized DNA was reacted with a 
concentrated aqueous ammonia at 55°C over one night to remove a protective group and purfflad by a 
reverae-phase HPLC. Piimer : go 
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5 ' -CGGCC AGTGAATTCC 
AAGCTTATGAGAGAATATAAACTAGT 

^ GGTCCTTGG-3 » 

150 pmol of the primer was phosphorylated at 5' end with 20 units of T4 polyriudeotrde kinase Jn a system 
comprls!ng 10 jil of a kinase buff er solution (50 mM of tris-Ha (pH, 8.0), 10 mM magnesium chloride and 5 
mMdlthlothreHol). 

10 (3) Than, a nuitant having a double strand DNA was prepared from 8 pmo\ of the 5'-phosphorylated 

primer In (2) and 10 ^g of the slnglo strand DNA obtained in (1) above In a system for preparing a mutant 
With site-specific mutation in vitro using oligonucleotide of Amersham Co.. in accordance with an manual 
of Amersham Co. (p 25 - 32» 1988). 
By using 2 jil of an aqueous solution containing the resulting circular PNA, Escherichia coll HB 101 strain 
IS was transformed in cuscordance with a customary method to obtain a transf ormant. The plasmid was separated 
and purified from the transformant by a customary method, which was then cleaved by a restriction enzyme 
Hindi II to obtain two fragments as a mutant ptasmid by nneans of 6 <Vb acryJamlde get electrophoresis. In this 
way, plasmid pSmg 21-1 was obtained. 

20 2) Introduction of Smg p21 cDNA Into Expression Vector 

(1) 10 Jig (-3 pmol) of pSmg 21-1 was cleaved by using 20 units of Hmdlll and 20 units of Bg! II at ST^C 
for 2 hours In 100 of a buffer solution H (10 mM tris-hydrochlorlc acid (pH»7.5), 100 mM sodium chloride 
and 6 mM magnesium chloride). The cleaved plasmid was subjected to S<¥q acrylamide gel 

S$ electrophoresis to separate and purify an about 700 bp DMA fragment that encodes Smg p21, 
FragmentN. 

(2) 2 of pU$ AH ( - 1 pmot) as an expression vector was cleaved using 2 units of Hindlll and 2 units of 
Bg£ II In a 20 of the buffer solution H at 37^C for 2 hrs. The reaction product was extracted and 
deprotetned with water-saturated phenol of an equlvolume. After extracting phenol vkrfth ether, the 

30 extracted product was dlalyzed against, to water, desalted and then concentrated by a vacuum pump to 

obtain 10 of an aqueous solution containihg an expression vector fragment HB. 

(3) 0.5 pmol of Fragment N and 0.1 pmol of the expression vector fragment HB were mixed and treated 
with 1 unit of T4 DNA ilgase at 4^ in 10 ^ of a buffer solution comprising 10 mM of tris-hydrochloric acid 
(pH, 7.5), 1 mM dithiothneltol, 8 mM magnesium chloride and 1 mM ATP. 3 pi of the resulting vector was 

35 used for transforming commercially available Escherichia coll JM 109 competent cells by a conventional 

method. The transformant was seleoted In L-oulture medium containing 20 (ig/ml of amplcillne (10 g/J of 
bactopeptone. 5 g/l of yeast extract, 10 g/l of sodium chloride and 15 g/l of agar) to obtain the expression 
vector pSmg 21-1 in which a gene encoding a specific antigen had been Inserted (Fig. 4), 

40 B : Expression of Smg p21 

Escherichia coil YA21 strain carrying pSmg 21-2 was cultured In L-broth at 30^0 over one night. Then, it was 
Inoculated to M9 culture medium (adjusted to pH 7.4 with 6 g/i of disodlum hydrogenphosptiate, 3 g/l of 
sodium dihydrogenphosphate, 0.5 g/l of sodium chloride and 1 g/1 of ammonium chloride and then 
8uppiementedwithr2mlof 1 M magnesium sulfate. 10 ml of 20cvb glycerol and 0.1 mIoflM calcium chloride) so 

45 as to be diluted 50 times and cultured under shaking at 30** C for 2 hours. TTien, (PTQ (isopropyl-^D-galaotopy- 
ranoside) was added to the culture medium to a final oonoentration of 2 mM. After incubated under shaking at 
SO'^Cfor 16 hours, bacteria were collected by centrifugatlon at 6.500 rpm for 10 min.They were suspended and 
maintained In a buffer solution comprising 0.9 Wo sodium chtorida and 10 mM tris^iydrochiorlo acid (pH, 7.5). 

so C : Confirmation of the Expression of Smg p21 

After subjecting 0.3 mi of the cultured cell bodies obtained in (B) above to 10 Wa 8DS polyacrylamide gel 
electrophoresis (in a buffer solution comprising 3 g/l of tris. 14.4^1 of glycine and 0.1 <Vb of SDS, at 120 V for 
one hour), the gel was taken out and dyed with Coomassie Brilliant Blue (Sigma Co.) by an usual method. Ad a 
result, a new band Which was not found fbr cell bodies cultured without Indudfon of IPTQ was detected at the 

ss region for a molecular weight of about 22.000, which was expected to be Smg p21. Then, the gel 
corresponding to the new band was cut-out and again eubjected to electrophoresis In the same bitffer solution 
to elute out a protein into ttie buffer solution. When an amino acid sequence for the eluted protein was 
detenirdned from the N-terminal by an amino add sequencer (manufiactured by /Vpplted Bio-Systems Co.), it 
was revealed that the protein was identical to Smg p21 as far as N-temninal 20 amlno-aoid sequence. 

00 Further, when the resultant protein was reacted with an anti-Smg p21 mouse monoclonal antibody on a 
nitrocellulose filter, washed, labelled with iodo-labeiled protein A. it was found that the protein may react with 
the anti-Smg p21 mouse monoclonal antibody. 
From the above results, it was confirmed that the resultant protein was Smg p21. 

615 
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EXAMPLE 3 

10 \Lg of the plasmid pSmg 21-2 obtained In EXAMPLE 2 was cleaved with each 10 units of Bam HI and Bg£ (I. 
while being kept together at a temperature of 37^C for 2 hours. 

The reaction product was subjected to 4 <Vb polyacrylamlde gel electrophoresis and a Bam HI and Bg£ it 
fragment of about 700 bp was cut-out from the gel and purified. Separately, 10 jig of plasmid pSmg 21-2 was S 
cleaved with 10 unfts of Bam HI whDe being kept at a temperature of 37^C for 2 hours and, thereafter, 
maintained at 65°C for one hour together with 2 units of alkaline phosphatase to remove a terminal phosphoric 
group. Then, phenol extraction and ethanol precipitation were conducted for purlflcatlor>. 0.1 ng of the plasmid 
thus purified was llgated with the above Bam HI and Bg£ II fragment by using T4 llgase. Among the various 
resultant plasmids, plasmids pSmg 21-3 and 21-4 having two Smg p21 genes or more were obtained (Fig. 5). io 

Escherichia coll YA 21 strain was transformed with pSmg 21-3 and i^Smg 21-4 respectively to obtain 
transformed Escherichia coli strains producing Smg p21 . 

After culturlng these Escherichia coli strains at 30°C for one day fn 10 ml of LB broth (10 g/l of 
bactotryptone, 6 g/l of bactoyeast extract and 10 g/l of sodium chloride : pH, 7.5), they were inoculated to 1 
liter of M9 culture medium and cultured under shaking at 19**C for 2 hours. Then, IPTQ was added to a final 15 
concentration of 2 mM and further cultured under shaking at 19*^5 over one day and night, by which Smg p2t 
rEcovered In soluble fractions could be produced. The soluble fraction means herein a fraction prepared by 
collecting bacteria after culture, and subjecting them serially iyaozyme treatment at a tysozyme concentration 
of 10 mg/l. supersonic pulverization for 2 min using a Sonlcator (manufactured by Bulanson Co.) and then 
centrifugation to the thus obtained cell bodies in a solution at af Inal concentration of 0.1 Vo triton x 100 and 1 .5 20 
M of sodium chloride at 15,000 rpm for 10 min and then recovering a resulting supernatant When the activity of 
the soluble fraction with the antl-Smg p21 mouse monoclonal antibody was examined in the same manner as In 
EXAMPLE 1. It was found that the fraction contained protein capable of binding with said antibpdy. 

EXAMPLE 4 ss 

A : Preparation of Expression Vector 

After digesting 10 ug of pSmg 21 with 10 units of Eco RI, It was separated by 0.70A) agarose gel 
electrophoresis and agarose gel portion containing an about 2.6 Kbp DMA fragmem was out out and DNA was 
extracted from the gel by a froeze-thawing method. 30 

The extracted DNA was purified by repeating phenol extraction and ethane) precipitation. 

0.5 (ig of the DNA was reacted with 0.1 ^g of a pKCR vector previously digested with Eco Rl and treated with 
alkaline phosphatase treatment (Japanese Patent Application l^id-Opsn (KOKAI) No. 285090/86) In the 
presence of 5 units of T4 DNA llgase at 16»C over one day and night to obtain an expression vector pKCR Smg 
21, which Is shown In Fig. 6, ^ 

B : Expression of Smg p21 In COS Cells 

20 ^g of pGKR Smg 21 obtained In (A) above was added to a dish (6 cm in diameter) containing COS cells 
(about x 1 06 cells) cultured in a semi-confluent state and Introduced Into the COS cells by a calcium phosphate 
method tn accordance with the method of Okayama, et al. ("Molecular and Cellular Biology', 17. p 2745 - 2752. 40 
1987). After Introduction, they were cultured in C02 atmosphere at 37°C over three days an^ights to obtain 
about 2 X 10^ cells. 

From the cultured cells thus obtained, total RNA (about 100 (ig) was obtained by a QTC-IIthlum ohk>ride 
method ("Molecular dortng. first addllton", p 188 - 196. 1982, published from Cold Spring Harbor Laboratory). 

Using 20 ^g of the RNA. Nothern blotting was applied In accordance with the method of Tomas, et al 45 
(-Methods m Enzymoiogy". 100. p 255 - 266. 1983. published from Academic Press). In this, case, an about 660 
bp DNA fragment obtained by digesting 1 |jig of pSmg 21 with one unit of ^o Rl and one untt of Bg£ II (Smg 
p21 coding probe, having all of the Smg p21 coding region therein and labelled with ^^P by nick translation was 
used as a probe. 

For comparison, COS cells not Introduced with pKCR Smg 21 were cultured In the same way and the so 
Nothern blotting was applied by using the total RNA prepared in the sanw manner as above from the cultured 
cells thus obtained. 

As a result, in the RNA obtained from the COS cells bearing pKCR Smg 21, there was detected RNA to be 
hybridized with the Smg p21 coding probe in the extra region longer than about 2 Kpb, which was not detected 
for the RNA pbtfned from COS cells not transformed with the vector. S5 

Accordingly. It was confirmed that the Smg p21 gene was expressed from pKCR Smg 21. 

EXAMPLE 5 

A mutant DNA of Smg p21 gene. In which a base sequence coding for Qly (12)f la repfacad with that coding 
for Vai(12). was prepared and expressed in host cells. ea 

(1) A DNA fragment having the following base sequence: 
5'^CTAGTGQTCCTTGGATCCGTAQQCGTQGQGAAQ-3' 

was prepared by using a DNA synthesizer (manufactured by Applied Blo-Systems Co.). THe resulting oligomer 
(50 pmol) was dissolved in 50 ^il of a solution containing 100 mM trls-hydrocWoric acid (pH, 8.0), 10 mM 
magnesium chloride, 7 mM dithfothreitol and t mM ATP, treated with 2 units of T4 polynucleatlde kinase at 65 
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37»C lor 15 trAn and then Incubted at 70^C for 10 mlns tor InactMation of the enzyme. 

(2) Escherichia coll JM 109 strains transformed with pSmg 21 were cultured at 37^ under shaking In 20 ml 
of YT culture medium (x2) {16 g/l of bactotiyplone, 10 g/l of bactoyeast extract. 5 g/l of sodium chloride) 
containing 100 mg/l of ampidinn and 0.01<Vo of thiamine. When ODsoo of the culture medium has reached the 

5 value of 0.3, the cultured celis were fnfected by a helper phage Ml 3 K07 witti nmjitfplicrty of infection (m.o.l.) of 2 
to 10. After Incubating for 30 min, kanamyc!n was added to the cuHure to a final concentration of 70 (ig/ml and 
the incubation was further continued at ar^C for 10 to 16 hours. 

On completion of the culture, cell bodies were precipitated by centrrfugatlon at 2,000 rpm for 10 mln to give a 
supernatant. The resulting supernatant was mixed vwth 4 ml of 20 ^Vo polyethyleneglycol and 2.6 M sodium 

10 chloride, aRowed to stand at A^C for one hour and centrlfuged at 3.000 rpm for 30 mln to obtain a precipitate. 
The resulting precipitate was dissolved In 500 \sJi of water and centrlfuged at 15,0000 rpm for 5 mln so as to 
separate a supernatant. The resulting supernatant was mixed with 200 (il of phenol, shaked and centrlfuged at 
15,000 rpm for 10 mln to obtain a supernatant, to which 50 of 3 M sodium acetate and 1250 of ethanol were 
added and centrlfuged at 15,000 rpm for 10 mln to recover a precipitate. The resulting precipitate was dried out 

IS and dissolved again In 50 |il of water to give a solution containing pSmg 21 single strand DNA. 

(3) An Smg p21 mutant gene in which Val was encoded at 12 instead of Gly was prepared from the 
phosphorylated ollgo-DNA obtained in (1) above and the pSmg 21 single strand DNA obtained in (2) al>ove. 
based on Oligonucleolide-dlreoted In vitro mutagenesis system according to a manual of Amersham Co., 
p28 - 30. 

20 By using a plasmld comprising the above mutant gene (pSmg 21 Va1 12) in the same manner as for pSmg 21 
in EXAMPL£ 2, mutant Smg p21 was expressed tn tiost cells such as Escherichia coll and animal ceils. 



Claims 

(1) A OTP binding protein containng the following amino acid sequence, with a molecular weight of 
about 22 K dalton and having GTP binding activity whteh Is Inhibited by N-ethylmatebnIde and QTP 
hydrolyzlng activity: 
Thr-IIe-QIu-Asp-Ser-Tyr 
30 (2) A QTP b Indin g protein, represented by the following amino add sequence: 

15 10 
Met-Arg-Glu-Tyr-liys-Leu-Val-Val-Leu-Gly- 

^^11 15 20 

Ser-Gly-Gly-Val-Gly-Lys-Ser-Ala-Leu-Thr- 

21 25 30 

40 Val-'Gln--Phe-Val-Gln-Gly-Ile-Phe-Val-Glu- 

31 35 40 

Lys-Tyr-Asp-Pro-Thr-Ile-Glu-Asp-Ser-Tyr- 



45 



ss 



60 



BS 



41 45 50 

Arg-Lys-Gln-Val-Glu-Val-Asp-Cys-Gln-Gln- 



51 55 60 

so Cys-Met-Leu-Glu-Ile-Leu-Asp-Thr-Ala-Gly- 

61 65 70 

Thr-Glu-Sln-Phe-Thr-Ala-Met-Arg-Asp-Leu- 



71 75 80 

Tyr-Met-Lys-Asn-Gly-Gln-Gly-Phe-Ala-Leu- 

81 85 90 

Val-Tyr-Ser-Ile-Thr-Ala-Gln-Ser-Thr-Phe- 

91 95 100 

Asn-Asp-Leu-Gln-Asp-Leu-Arg-Glu--Gln-Ile- 
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101 



105 



110 



Leu-Arg-val-Lys-Asp-Thr-Glu-Asp-Val-Pro- 

111 115 120 

Met-Ile-Leu-Val-Gly-Asn-Lys-Cys-Asp-Leu- 

121 125 130 

Gl u - Asp-Gl u- Ar g -Va 1 - Va 1 -Gly-Ly s -^Glu-G In 

131 13S 140 

Gly-Gln-Asn-Leu-Ala-Arg-Gln-Trp-Cys-Asn- 

141 145 150 

Cys-Ala-Phe-Leu-Glu-Ser-Ser-Ala-Lys-Ser- 

151 155 160 

Lys-Ile-Asn~Val-Asn-Glu*-Ile-Phe-Tyr-Asp'- 

161 165 170 

Leu-Val-Arg-Gln-lle-Asn-Arg-Lys-Thr-Pro- 

171 175 180 

Val-Glu-liys-Lys-Lys-Pro-Iiys-Lys-Lys-Ser- 

181 184 
Cys-Leu-Leu-Leu 



(3) A method for the production of a QTP binding protein, which comprlsea Introducing a DNA fragment 
containing DNA that encodas the (STP binding protein aa defined In Claim 2 Into a cloning site present at 
the downstream to a promoter of an exprassion vector, 'then Introducing the expression vector thus 
constructed Into a host, oulturing said hoat, thereby expressing and accumulathig the OTP binding 
protein and then oolleoting thereof. 
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F/g.1(i) 



1 

Met 

1 1 
S e r 

21 
Vo I 

31 
Lys 

41 
A r g 



-Arg- 
-G I y 
-Gl n' 
•Tyr- 
-Lys' 



•Gl u-Tyr 
■Gl y-Va I 
•Phe-Val 

'Asp ro 
-GI n-Val 



5 10 
-Lys-Leu-Vfll -V<i I -L«ii-G I y 



15 

-G r y-Lys-'Ser 
25 

■Gl n-6ly-I Id 
35 

'Thr-r I e-G J u- 
45 

-Glu-Val -Asp 



20 

-A I a - Lbu -t hr- 
30 

'Phe-Val -Gf u 
4b 

•Asp— Ser — Ty r 
50 

• Cys— 6 I n-G I n 



51 

Cy 8-Met— Leu-6 I u - 



55 

I I e-Leu-Asp 



60 

Thf -Al a-GI y 



61 

Thr-GI u-GU-Phe- 



65 

Thr-Ala-Met 



70 

•Ar g-Asp-Leu 



71 

Tyr-Met-Lys-Asn- 



75 

Q I y I n-G I y 



BO 

Phe-Alo *-Leu 



81 
Vol 



91 
Asn 



lOl 
Leu 



'Ty r -Ser- 1 1 e- 
•Asp -Leu-Gl n- 
•Ar g-Vo I - Lys- 



S5 

Thr-Al o-GI n- 



95 

Asp-Leu-Arg- 
1 05 

Asp-Thr -G f u 



90 

•Ser -^Thr *^Ph«' 



1 00 
Gl u-Gl n-i 



1 10 

■Asp-Val -Pr^' 



111 

Met~I I e-Leu-Va I 



115 t20 
-Gl y-Asn*-Ly s-Cy s^Asp*-L«ii 
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Fig.Uii) 



121 

G I u -Asp-GI u • 



125 130 
•Arg-Val -Val-GI y-Lys-Glu-Gln- 



131 



135 



140 



Gly-Gln-Asn-Lcu-Ala-Arg-GI n-'Tr p-Cy s - As n- 



1 41 



1 43 



1 50 



Cys-AJa-Phe-Leu-Glu-Ser-Ser-Ala-Lys-Ser- 



1 51 



155 



160 



Lys-lle-Asn-Val-Asa-Glu-Ile-Phe-Tyr-Asp- 



161 



1 65 



170 



Leu-Vol-Arg-Gln-l I e -As n-Ar g --Ly s-Th r -Pr o - 



171 



175 



1 80 



Val-Glu-Lys-Lys-Lys-Pro-Lys-Lys-Lys-Ser- 



181 
Cy s 



184 

-Leu-Leu^Leu 
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Hindll 



F/g. 4 




Hindi 



Hindi 
Bgfl 



Bgi n 




Hindi 
Bglll 



T4 tIGASE 



Sm9p21 CX3DIN6 REGION 
CZII : Smgp21 NON-CODINO RB3ICN 
."'^^ : pUC119 




Hindi 




Bam HI 

ALKALINE PHOSPHATASE 




V/Z/^'m :Smgp21 COOING REGION 
I \ \ Smgp21 NON-CODING REGION 



